The adult fish brain undergoes continuous neurogenesis and retains the capacity to regenerate. However, the cellular and molecular basis of this process is not well understood. We report on the cloning and characterization of a Brain-1-related, class III POU domain gene, tai-ji, in the developing and adult zebrafish, as well as in a human cell line, hNT2. During development, as differentiation occurs, the expression of tai-ji is downregulated in the notochord, muscle, nervous system and dorsal fin. Similarly, tai-ji is expressed in the human neuronal precursor cell, hNT2, but is downregulated upon differentiation with retinoic acid. In the adult zebrafish nervous system, tai-ji persists in germinal zones, including cells in the germinal zone of the retina, the basal cells of the olfactory epithelium and cells of the subependymal zones in the optic tectum and telencephalon. Subsets of the tai-ji-expressing cells in these regions incorporate BrdU. Most of the tai-jiexpressing cells within these regions of the zebrafish brain are not differentiated and do not express a marker for post-mitotic neurons, acetylated tubulin nor do they express a marker of glial cells, glial acidic fibrillary protein (GFAP). We propose that the majority of the taiji-expressing cells are neural stem or progenitor cell populations that may represent the cellular basis for continuous growth in the adult nervous system.
Introduction
In lower vertebrates, there is continuous growth of the nervous system in adulthood: the number of neurons increases in areas such as the spinal cord of the stingray (Leonard et al., 1977) , the spinal cord, cerebellum and nucleus glomerulosus of the guppy (Birse et al., 1980) and the neural retina and optic tectum of the goldfish (Johns and Easter, 1977; Raymond and Easter, 1983 respectively) . Therefore, the teleost is an excellent model for understanding how neural stem/progenitor cell populations arise and how they are maintained. To investigate the cellular and molecular basis of continuous neurogenesis, zebrafish, a promising genetic model for studying vertebrate development, was used (Driever et al., 1994; Nusslein-Volhard, 1994) .
Initial efforts were focused on identifying novel POU domain genes that were expressed during early neurogenesis in zebrafish. The POU domain genes consist of a large family of transcriptional regulators that contain, in addition to a homeobox, a POU-specific box of 76-78 amino acids (for reviews, see Rosenfeld, 1991; Ruvkun and Finney, 1991; Schöler, 1991; Verrijzer and Van der Vliet, 1993; Ryan and Rosenfeld, 1997) . Evidence shows that members of the POU domain gene family regulate vertebrate neurogenesis. Many POU domain genes are expressed in the developing nervous system of vertebrates (He et al., 1989; Agarwal and Sato, 1991; Monuki et al., 1990; Le Moine and Young, 1992; Mathis et al., 1992; Spaniol et al., 1996) . Class III POU domain genes, in particular, play an important role in neurogenesis. For example, XlPOU 2 (Brain-4), a noggin-inducible gene, has direct neuralizing activity when mis-expressed (Witta et al., 1995) . Expression of a targeted antagonist of suppressed, cAMP-inducible POU (SCIP) causes premature Schwann cell differentiation and hypermyelination (Weinstein et al., 1995) . The genetic 'knock-out' of Brn-2 leads to neuronal loss in the hypothalamus of the mouse (Nakai et al., 1995; Schonemann et al., 1995) , while the 'knock-out' of tst-1/SCIP/oct-6 disrupts Schwann cell differenti-ation (Bermingham et al., 1996; Jaegle et al., 1996) .
We report the cloning and characterization of a POU domain gene from zebrafish, tai-ji. In early development, tai-ji is expressed in proliferating populations of cells in all three germ layers and as cells differentiate, the expression of tai-ji is downregulated. In the adult zebrafish nervous system, tai-ji is maintained in an important population of cells located in the germinal zones of the retina, the optic tectum, the olfactory epithelium, the telencephalon and the cerebellum. Subsets of tai-ji-expressing cells within these germinal zones incorporate BrdU. By southern, RNA gel blot analysis and in situ hybridization, we have identified a human gene related to tai-ji, and its expression is similarly downregulated as neuronal precursor cells differentiate.
Results

Expression of tai-ji is highly regulated during development and cell differentiation
Tai-ji was one of several POU genes isolated from a zebrafish genomic library using the cDNA of XlPOU 2 as probe (Agarwal and Sato, 1991) . Interestingly, we did not clone a direct homolog of XlPOU 2, but instead identified tai-ji, a novel class III POU domain gene, that is most closely related to ZfPOU 1, zp-23 and mouse Brn1, displaying 88% nucleotide identity to ZfPOU 1 and zp-23 and 86% identity to mouse Brn1 at the amino acid level (Matsuzaki et al., 1992; Spaniol et al., 1996) . Using RNA gel blot analysis, we observed that tai-ji is expressed as a single 2.8-kb transcript, whose expression is developmentally regulated (Fig. 1I) . As a maternal gene, tai-ji is expressed in the ovary, fertilized egg and early embryos prior to mid-blastula transition (MBT) (Fig. 1I , 128-cell stage and Fig. 1II, ovary) . Its expression increases steadily from the neurula stage onward ( Fig. 1I ) and is highly expressed in the adult brain (Fig. 1II) . Using a more sensitive RT-PCR method (Witta et al., 1995) , the expression of tai-ji was readily detected throughout early development (Fig. 1I, RTPCR) . The expression pattern of tai-ji, as analyzed using a whole-mount in situ hybridization procedure, is in agreement with the RT-PCR analysis. Tai-ji is expressed in the early cleavage stages, until the beginning of gastrulation where it is expressed uniformly in all blastomeres, but not in the extra-embryonic enveloping layer (Fig. 1III, 128 -cell stage). During gastrulation, tai-ji is expressed throughout the embryo (Fig. 1III , 80% epiboly). During neurulation, the expression of tai-ji is uniform, extending the entire length of the neural keel (Fig.  1III , five-somite stage cross-section), while its expression in Fig. 3 . The expression of tai-ji in the adult central nervous system. Whole-mount in situ hybridization of the adult zebrafish brain (A) and a lateral view of a brain sectioned in half (B). In (C) a composite of an in situ hybridization analysis of tai-ji-expression on cryosections from the adult zebrafish central nervous system (saggital sections). The in situ hybridization signal is the red alkaline phosphatase reaction product. The arrows in (A) denote the rostral and caudal boundaries of the optic tectum. The arrows in (B) denote regions of staining in the lining of the ventricles. CC, crista cerebellaris; CCe, corpus cerebelli; LCa, lobus caudalis cerebelli; LX, vagal lobe; OB, olfactory bulb; OE, olfactory epithelium; PGZ, periventricular gray region of the optic tectum; tel. telencephalon; TeO, tectum opticum; TeV, tectal ventricle. Scale bar = 200 mm for (A,B) and 100 mm for (C). (Wullimann et al., 1996) . The expression of tai-ji is shown in yellow and brain ventricles are shown in white. This diagram is not a complete representation of tai-ji-expression in the entire adult zebrafish brain, but it does contain the principal areas of expression. CCe, corpus cerebelli; CO, chiasma opticum; D, dorsal telencephalic area; Dc, central zone of D; Dd, dorsal zone of D; Dl, lateral zone of D; Dm, medial zone of D; Dp, posterior zone of D; FLL, fasciculus longitudinalis lateralis; Hc, central periventricular thalamus; Hd, dorsal periventricular hypothalamus; IV, nucleus trochlearis; LFB, lateral forebrain bundle; MFB, medial forebrain bundle; LOT, lateral olfactory tract; MOT, medial olfactory tract; NDLI, nucleus diffusus lobus inferior; NI, nucleus isthmi; NLV, nucleus lateralis valvulae; OT, optic tract; PC, posterior cerebellar tract; SRF, superior reticular formation; PGm, nucleus preglomerulosus medialis; RL, recessus lateralis of diencephalic ventricle; TeO, tectum opticum; TGN, tertiary gustatory nucleus; TL, torus longitudinalis; TLa, nucleus of torus lateralis; TMC, tractus mesencephalo-cerebelli; TP, nucleus tuberis posterior; TPM, tractus pretecto-mamillaris; TS, torus semicircularis; TSc, torus semicircularis, pars centralis; TSvl, ventrolateral nucleus of torus semicircularis; TTB, tractus tecto-bulbaris; TTBr, tecto-bulbaris rectus; V, ventral telencephalic area; Va, valvula cerebelli; Val, lateral division of valvula cerebelli; Vc, central nucleus of V; Vd, dorsal nucleus of V; Vl, lateral nucleus of V; Vv, ventral nucleus of V; VII, nervus facialis. 
5
the somites is activated in a temporal wave as the somites form in an anterior-to-posterior progression (Fig. 1III , 9-somite, 18-somite and 26-somite stages).
As cell differentiation occurs, the expression of tai-ji is downregulated. For example, the expression of tai-ji is lost as notochord cells differentiate ( Fig Fig. 2D ). In the nervous system of a prim-5 embryo, its expression is downregulated in the mantle zone of the neural tube, but remains in the ventricular and marginal zones ( Fig. 2E compared with Fig. 2F ). In the developing finbud, tai-ji is readily detected at the base of the finbud at the long pec stage, but, as differentiation occurs, tai-ji is no longer expressed in the mature structure, protruding mouth stage ( Fig. 2G compared with Fig. 2H ). These expression patterns were not observed using a ZfPOU 1 specific probe (data not shown; Matsuzaki et al., 1992) .
Localization of tai-ji expression in the adult zebrafish nervous system
The finding that tai-ji is downregulated during differentiation seems to conflict with the fact that tai-ji is expressed in the adult brain, a structure that presumably contains mostly differentiated cells. To understand these seemingly conflicting results, the expression pattern of tai-ji in the adult brain was determined in whole-mount preparations (Fig. 3A ,B) and in saggital ( Fig. 3C ) and transverse sections (data not shown) of the brain, and is summarized in the schematic shown in Fig. 4 . Major sites of expression include: the olfactory epithelium (Figs. 3C and 5A), the olfactory bulb (Fig. 3C) , the everted telencephalon (Figs. 3A,B, 4 and 6C), the periventricular gray region of the optic tectum (PGZ) (Figs. 3B,C, 4 and 7), the caudal boundary of the optic tectum (Fig. 3A) , the subependymal cells surrounding the ventricles (Figs. 3B,C, and 4) and scattered cells in the cerebellum (Figs. 3C and 6D ). In the eye, taiji is expressed in the progenitor cells of the retinal germinal zone (Fig. 6B) , as well as in cells in the outer and inner nuclear layers of the retina (Fig. 5B) . Outside the nervous system, tai-ji is expressed in the satellite cells of skeletal muscle, a presumptive population of stem cells described in the mouse, (Garry et al., 1997) (Fig. 5C) , the basal cells of the skin (Fig. 5D ) and the ovary (data not shown). Thus, the localization of tai-ji-positive cells is consistent with the idea that tai-ji is expressed in non-differentiated, progenitor cells in the adult.
If tai-ji-positive cells are progenitor cells, then they must have the ability to proliferate. To test this hypothesis, double-staining studies localizing both tai-ji-expression and BrdU incorporation were performed. As expected, brain regions known for their continuous neurogenesis in other teleosts incorporated BrdU, including subpopulations of cells in the olfactory epithelium (Fig. 6A′) , the marginal zone of the retina (Fig. 6B′) , the everted telencephalon (Fig.  6C′ ) and the cerebellum (Fig. 6D′) . Additionally, the subependymal regions throughout the brain, especially in the midline (Fig. 6C′) , the caudal region of the optic tectum and regions demarcating regional boundaries in the brain, incorporated BrdU (data not shown). Thus, all subsets of BrdUlabeled cells co-expressed tai-ji (Fig. 6A′′-D′′) .
Tai-ji is expressed in many cells that were BrdU-negative, and it was necessary to determine if these cells were differentiated. To further characterize the tai-ji-expressing population of cells in the brain, markers identifying differentiated neurons and glia were used. Cellular detail was achieved in double-staining studies in which tai-ji's expression was localized first by in situ hybridization (red), followed by immunostaining (green) used to localize acetylated tubulin protein (Fig. 7A,B) , GFAP (Fig. 7C) , vimentin (Fig. 7D ) or histone H1 (Fig. 7E) . On examination of, the periventricular gray region of the optic tectum, it was observed that tai-ji's expression pattern does not coincide with cells expressing acetylated tubulin, a marker of differentiated neurons, Chitnis and Kuwada, 1990 (Fig. 7A ). In the superficial layer of the optic tectum, cells expressing either GFAP, a marker of differentiated astrocytes (Fig.  7C) , or vimentin, a marker for both differentiating glia and neurons, Fig. 7D , (Tapscott et al., 1981; Cochard and Paulin, 1984; Schwob et al., 1996) do not express tai-ji. On the other hand, tai-ji-positive cells do express histone H1. Histone 1 is an abundant nuclear protein that is regulated during the cell cycle (Osley, 1991) , expressed during the G1 phase of the cell cycle (Tarnowka et al., 1978) , and has been shown to be downregulated during differentiation (Collart et al., 1988) . Outside the optic tectum, tai-ji is expressed in many regional boundaries of the brain. Fig. 7B shows an example of a boundary of cells expressing tai-ji located between the cerebellum and the vagal lobe. The cells expressing tai-ji are not differentiated: they do not express acetylated tubulin (Fig. 7B) , GFAP or vimentin (data not shown). Thus, using the criteria of markers in double-staining studies, we conclude that tai-ji-positive cells examined, in the scope of our study, are not differentiated.
Mammalian tai-ji
To determine if tai-ji was exclusive to the zebrafish genome, a southern analysis was performed using two different fragments of the zebrafish tai-ji cDNA. Using either probe, in humans, tai-ji appears to be a single copy gene -a single hybridizing fragment of DNA was detected, Fig.  8I(a) . In a separate southern analysis, a mouse Brn-1 cDNA probe was mixed with the tai-ji cDNA probe. In this experiment, as expected, the Brn-1 probe hybridized strongly to the previously reported hBrn-1 (He et al., 1989) and cross-hybridized with at least one other unidentified fragment, Fig. 8I(b) . Both of these fragments are larger than the DNA fragment detected with the specific tai-ji probe.
Tai-ji transcripts, approximately 1.5 and 2.9 kB in size, were detected in the human neuronal precursor cell line, hNT2, by an RNA gel blot analysis, Fig. 8II(a) and by an in situ hybridization analysis, Fig. 8III(A) . When the hNT2 precursor cells are differentiated in the presence of retinoic acid, the expression of tai-ji is no longer detectable (Fig.  8III (B) compared with Fig. 8III(A) ). In contrast, neurofilament protein, a marker of neuronal differentiation was detected in the differentiated hNT2 neurons but not in precursor cells (Fig. 8III(D) compared with Fig. 8III(C) ).
Discussion
Tai-ji, a class III POU domain gene, was one of several clones identified in our library screen. Two other clones were identical in sequence to two previously-identified class III genes, zp-50 , the zebrafish homolog of XlPOU 1 (Agarwal and Sato, 1991) and ZfPOU 1 (Matsuzaki et al., 1992) , a gene highly related to mouse Brn-1 (Hara et al., 1992) , while the remaining clones were novel. Tai-ji (zp-12) is part of a sub-family of zebrafish genes that are highly related to mammalian Brn-1 (Hara et al., 1992; Matsuzaki et al., 1992; Sampath and Stuart, 1996; Spaniol et al., 1996) . Interestingly, our southern analysis suggests that there may be at least two Brn-1-related genes in humans, one of which is probably a homolog of tai-ji.
Although analysis by in situ hybridization reveals that all the known POU domain genes of mouse, except for Oct3/4 (Schöler et al., 1989) , are expressed in the subventricular or proliferative zone during at least some period of neural development in the mouse, their expression eventually becoming restricted to a subset of differentiated neurons or glial cells (He et al., 1989; Anderson et al., 1993; Fedtsova and Turner, 1995; Ryan and Rosenfeld, 1997) . The requirement of POU domain genes for the differentiation of specific subsets of neurons in mouse was confirmed by the generation of 'null' mutants (Nakai et al., 1995; Schonemann et al., 1995; Bermingham et al., 1996; Erkmann et al., 1996; Jaegle et al., 1996) . However, unlike other POU domain genes in the mouse, in the adult zebrafish, an aspect of the expression pattern of tai-ji is unique; its expression during development is wide-spread -it is found in all germ layers in proliferating, undifferentiated cells, and is downregulated in various tissues as they differentiate. This mechanism is in part conserved in the mammal since in a human neuronal precusor cell line, hNT2 cells, tai-ji is similarly downregulated in the differentiated cells.
Interestingly, in the adult zebrafish, the expression of taiji persists in germinal zones. For instance, in addition to its expression in the nervous system, tai-ji is also expressed in the muscle satellite cells (Fig. 5C ), in the basal cells of the skin (Fig. 5D ) and in the ovary. It is very likely that the expression of tai-ji correlates with the undifferentiated status of cells in many tissues. To test this hypothesis, we focused on the nervous system for two reasons. First, the molecular and cellular basis of continuous neurogenesis in the adult teleost is not well understood, and, second, the highest level of transcripts in the adult zebrafish body was detected in the brain, as analyzed by gel blot analysis. Our study mapping proliferating cells in the adult zebrafish nervous system using a BrdU-incorporation study is the first study of its kind done in zebrafish. The identification of germinal zones in zebrafish nervous system is consistent with the identity of some of these regions in other teleosts. For instance, tai-ji is expressed in the olfactory epithelium, a structure recognized in all vertebrates to have a stem cell/ progenitor population. The basal cells are the source of progenitor cells in the olfactory epithelium (Graziadei and Graziadei, 1978; Caggiano et al., 1994) . In the goldfish, neural stem/progenitor cells have been characterized in the retina and optic tectum. These germinal zones have been shown, in vivo, to participate in the regeneration of neurons (Raymond et al., 1988; Hitchcock and Raymond, 1992; Braisted et al., 1994) . When cultured, the ependymal and subependymal zones of the adult goldfish midbrain give rise to several types of cell, including neuronal and glial cells (Majocha et al., 1982) and these cells of the goldfish are tai-ji-positive (data not shown). In the teleost, the PGZ is described morphologically as a region composed of differentiated neurons (Vanegas et al., 1974; Stevenson and Yoon, 1982) . Differentiated neurons were observed in the PGZ using the marker acetylated tubulin (Fig. 7A) , but, interestingly, inter-mixed in this region are a population of tai-ji-positive, acetylated tubulin-negative cells (Fig. 7A , double-staining). The innermost cell layers of the PGZ are most probably equivalent to the subependymal cells of the goldfish since they are tai-ji-positive but do not express acetylated tubulin, GFAP or vimentin (Fig. 7A,C,D) . Therefore, tai-ji-expressing cells in the optic tectum, at least by the criteria of these markers, do not appear to be differentiated neurons or astrocytes. This conclusion is strengthened by the evidence that this population of cells express histone H1 (Fig. 7E) , a protein that is downregulated during differentiation (Collart et al, 1988) .
In the telencephalon (Figs. 3A ,B, 4 and 6C), tai-ji's expression was observed in the ependymal/subependymal cells of the telencephalon located just under the pial surface. In contrast to mammals, in the telencephalon of teleosts, the ependymal zone is everted and underlies the pial surface (Nieuwenhuys and Meek, 1990; Butler and Hodos, 1996) . The expression pattern of tai-ji in the everted telencephalon is similar to that of goldfish NOTCH-3, a gene expressed in neuronal progenitors and neural stem cells in the embryo, adult and regenerating brain and retina (Sullivan et al., 1997) . Notch has the ability is to maintain proneural cells in an undifferentiated state (Artavanis-Tsakonas et al., 1995; Chitnis et al., 1995; Simpson, 1995) .
Actively-proliferating cells (BrdU-positive) represent a only a subpopulation of tai-ji-expressing cells in the adult brain. We speculate that many of the tai-ji-postitive cells that are not BrdU-positive may be quiescent stem cells since, using the criteria of markers, they are not differentiated. If tai-ji-expressing cells are stem cells, these findings correlate well with the extensive literature on germline cells and hematopoietic stem cells suggesting that quiescence is a common feature of stem cells (Hodgson and Bradley, 1979; Masui and Clarke, 1979; Meijer and Guerrier, 1984; Leary et al., 1992; Verfaillie, 1993) .
In summary, our data suggest that in many regions of the zebrafish nervous system, tai-ji-expression is a hallmark of a proliferating, non-differentiated cell and that tai-ji is a marker of cells that have the potential to proliferate (stem cells). At least two mammalian genes have been shown to be neural stem cell-specific: rat and mouse nestin, a gene that encodes an intermediate filament protein (Fredericksen and McKay, 1988; Lendahl et al., 1990; Moreshead et al., 1994) , and mouse musashi, a gene that encodes an RNA-binding protein (Sakakibara et al., 1996) . However, tai-ji is the first putative transcription factor identified in the progenitor population of the brain, and thus is a gene that has the potential to regulate events related to the generation and maintenance of the neural progenitor cell population. At this time, we cannot distinguish whether tai-ji is expressed in a true stem cell versus a neural progenitor or precursor population, nor can we exclude the possibility that tai-ji is required for the specification of a restricted set of neurons as has been reported for other class III POU domain genes. For example, tai-ji is probably expressed in a subset of differentiated cells in the outer and inner nuclear layers of the fish retina, and tai-ji's function in these cells remains an open question. Characterization of tai-ji using the mouse as a model system will enable us to take advantage of available in vitro culture systems of neural stem cells and targeted gene ablation, two approaches that are not developed yet in zebrafish.
It is our hope that the introduction of a new POU gene that is expressed in putative neural stem/progenitor cell populations in the teleost will provide an important reagent for the neural stem cell field, an area of growing interest Morrison et al., 1997; Stemple and Mahathappa, 1997) . Extensive literature has established that neural stem cells, although only in small numbers, do exist in the adult mammalian brain (Gage et al., 1995) . Therefore, understanding how neural stem cells are generated and maintained at the molecular level in lower vertebrates, such as the teleost, will have important ramifications for understanding how these cell populations function in the human nervous system.
Materials and methods
The cloning of the novel gene, tai-ji
Approximately 106 pfu of a Lambda Dash II genomic zebrafish library (a gift from B. Jones and M. Petrovich) was screened using a cDNA encoding the open reading frame (ORF) of XlPOU 2(Brn-4), a class III POU domain gene, as a probe. One of several POU genes was identified, one of which had a novel sequence, tai-ji (U77736). While this work was in progress, a gene with an identical sequence, zp-12 and two related genes, zp-23 and zp-47 Fig. 8 . (I) (a) Southern blot analysis using two different fragments of the tai-ji cDNA as described in Section 4. The strongly-hybridizing DNA is marked by an arrow. In I (b), a southern blot analysis using a mixture of the tai-ji cDNA probe and the mouse Brn-1 cDNA probe. The hybridizing fragment previously identified as hBrn-1 by He et al. (1989) were independently reported (Spaniol et al., 1996) . In zebrafish, there are at least four genes that are related in sequence to mammalian 
RNA gel blot analysis
Two micrograms of total RNA from zebrafish embryos, adult tissues or hNT2 cells was separated by methyl mercury gel electrophoresis (Sargent et al., 1986 ) and the RNA was transferred to a nylon filter. For the analysis in zebrafish, transferred RNA was hybridized with a 32 P-labeled, nicktranslated, cDNA probe corresponding to a non-coding sequence at the 3′ end of tai-ji, which is located immediately 3′ of the ORF (1387-1790 bp). This portion of the tai-ji sequence, encoding cDNA, does not crosshybridize with the closely-related genes, ZfPOU 1, zp-12, zp-23, or zp-47 (Matsuzaki et al., 1992; Spaniol et al., 1996) . For the analysis of hNT2 cells, transferred RNA was hybridized with a 32 Plabeled, nick-translated, cDNA probe corresponding to a coding sequence located at the 5′ end of the tai-ji ORF (300-680 bp). After hybridization, the filters were washed at a final stringency of 0.2× SSC, 0.1% SDS at 60°C and then exposed to Kodak X-ray film for 10 days or exposed overnight to a phosphorimager screen (Molecular Dynamics, Sunnyvale, CA) and analyzed using the STORM system.
Southern blot analysis
Southern blots containing 4 mg of human genomic DNA per lane were hybridized with a 32 P-labeled, nick-translated, cDNA probe corresponding to a coding sequence located at the 5′ end of the tai-ji ORF (300-680 bp) or to a sequence located immediately 3′ of the ORF (1387-1790 bp). These probes are made to regions that diverge considerably from the related genes, zp-23 and ZFPOU 1 and hybridize to an identical DNA fragment as shown in Fig. 8I(a) . In Fig. 8I(b) , a Brn-1 probe, derived from a mouse cDNA clone (a Sac II fragment, 1537-2495 bp, accession no. M88299) was mixed with the tai-ji cDNA probe. After hybridization, the filters were washed at a final stringency of 0.2× SSC, 0.1% SDS at 65°C and then exposed to X-ray film (Kodak), at −70°C for 3-7 days.
PCR analysis of the expression of tai-ji
Total RNA (Dnase I-treated) from the same batch of total RNA that was used in the northern blot analysis was used in the reverse transcriptase (RT) reaction (Superscript II, BRL) following the method of Witta et al. (1995) . One microgram of cDNA was amplified using PCR (Perkin Elmer Thermocycler). PCR conditions were as follows: 30 cycles of 94°C for 1 min, 65C°for 1 min and 72°C for 1 min. A trace amount of [ 32 P] dCTP, 0.15 mCi (Amersham) was added to each PCR reaction. The PCR products were separated by electrophoresis on a 6% acrylamide gel/TBE buffer. The gels were dried and exposed to X-ray film overnight at −70°C. The primers found within the ORF of tai-ji used to amplify tai-ji have the following sequences: the forward primer is 5′-gat gaa ata gtg cgt gcc ctc aag act tgg-3′ and the reverse primer is 5′-atc cag aag gga caa act tga cga gaac-3′. These PCR results are indicative of tai-ji transcripts but are not quantitative in nature.
Localization of tai-ji in embryos and in the adult zebrafish nervous system
Embryos were collected after natural spawning, raised at 28.5°C and staged according to the Zebrafish Book (Westerfield, 1995) . The adult zebrafish brain was removed and cut sagittally into two pieces, prior to fixation. Embryos and adult zebrafish brains were fixed in 4% paraformaldehyde in 1× PBS overnight at 4°C. After being dechorionated, the embryos were dehydrated with methanol at −20°C. The embryos and brains were rehydrated in PBT (PBS with 0.5% bovine albumin and 0.1% Tween 20). After prehybridization, embryos were incubated with a digoxygeninlabeled antisense RNA probe (either tai-ji (1387-1790 bp) or tai-ji ORF (300-680 bp)) at 60°C overnight. Embryos and brains were washed twice for 30 min each in 2× SSC and then in 0.2× SSC at 60°C, followed by two final washes in 1× PBS at 60°C for 10 min each. The subsequent steps for the in situ hybridization procedure are described in The Zebrafish Book (Westerfield, 1995) . A digoxygenin-labeled sense RNA probe, derived from the same region as the antisense probe, was used as a control and was negative (data not shown). For a detailed analysis of tai-ji-expression in the nervous system, the whole head of an adult zebrafish was fresh-frozen and cryosectioned (10 mm thick). The in situ hybridization was performed on the sections following the same procedure as described above. Two different substrates of alkaline phospatase were used: vector red (Vector Labs, Substrate Kit I, SK-5100) or NBT/BCIP (Boehringer Mannheim).
Localization of neuronal and glial specific-markers in sections of the adult zebrafish brain
For double-staining, in situ hybridization was performed first using vector red as a substrate (Vector Labs), followed by immunostaining with the following primary antibodies: anti-acetylated tubulin (monoclonal antibody, 1/1000, Sigma), anti-GFAP (glial acidic fibrillary protein) (monoclonal antibody, 1/50, Chemicon), anti-vimentin (monoclonal antibody, 1/100, Dako) or antihistone H1 (monoclonal antibody, 1/10, ICN). The secondary antibody was antimouse conjugated to fluorescein. Specific regions of the adult zebrafish brain were identified according to Wullimann et al., 1996 . For identifying actively proliferating cells, adult zebrafish were injected i.p. twice (30-gauge needle), at 2-h intervals, with 250 mg/g BrdU dissolved in 50 ml H 2 O. After 12-16 h of labeling, brains were frozen in a methanol/solid CO 2 bath and cryosectioned. Sections (10 mm thick) were subjected to the in situ hybridization protocol for the detection of tai-ji as described above. After the alkaline phosphatase reaction, BrdU incorporation was detected using a kit manufactured by Boehringer Mannheim (5-Bromo-2′-deoxy-uridine Labeling and Detection Kit I).
Expression of tai-ji in hNT2 cells
Precursor hNT2 cells or purified differentiated neurons were obtained from Stratagene and cultured on 10-mm glass coverslips coated with laminin (Becton Dickerson). Cells were fixed with 4% paraformaldehyde/PB S. and prepared for in situ hybridization as described above. A region of zebrafish tai-ji corresponding to 300-680 bp of the ORF was cloned and used to prepare an antisense probe as described above. For immunocytochemistry, an anti-neurofilament antibody (Sigma; 1:50 dilution) was used. The secondary antibody was anti-mouse conjugated to horseradish peroxidase.
